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H = H 0 sin(2"ft + #)
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>#?.#''3.#?+@+A/.'#/'+!"#'$!BC!%##'.!BNCLXBYM#$!#N$! %&'!(+Q+76F.!0$!=$1!O3I974,+97.!P$.!R*+@Q6@+F+@49I:+!S+:&,967!97!(6:3,9674!6T!0446)9&,9F+! V6:;Q+@4$! B$! (,&,9)4$! 5%/3,&,)'/")'*+ !""#$! 67! %"'.! BGYGXBGLH1! %I'!R&7&A&.! 2$.! R*+6@;! 6T! ,*+@Q6@+F+@49I:+! U+:&,967$! 5%/3,&,)'/")'*+ !"#"$! BB! %"'.!BCLLXBCC"$!!!
! "#!
!"#$%&'( )*( +( ,-.$/&( '&/#%-01,"-$( '&/#%-12( /-1&#'( 3-,40&/#,%-4(
$'0$&'%-&,( #15( 4"&.-4#/( ,%'64%6'&( -1( #( .05&/( 7-&/,8+/5&'(
$0/9.&'(1&%:0';(

! ""!
#$%&'()! *+! +$! +*%),+)%&)('+-()! .-&)(&$.*+*$/! %)+0$1.! $2! 1).#(*3*/4! +('/.*)/+!/)+5$(6!()7'8'+*$/9!


! "#!
$%&'(%)*+,-#! ./&*01+*.! %)*20! 31.41*! .4)0+! '560.+/0! 78196/+! ":-;<! &! 0'&51*9!/+5&.1)*041=!%+.3++*!%)*2!51>+.1?+!&*2!/+5&@&.1)*!1*!.4+!0)5!&*2!9+5!0.&.+0!*+&/!.4+!9+5!=)1*.!'&*!%+!2+/1A+2:!
!
!"#$%&' ()*+! B106&51C&.1)*! )>! ./&*01+*.! '560.+/! /+5&@&.1)*! A1&! %&'(%)*+!%/+&(&9+:!D)52+2!%)*20!/+=/+0+*.!'/1.1'&5!')**+'.1)*0!341'4<!34+*!0=51.<!./&*0>)/?!)*+!./&*01+*.!'560.+/!1*.)!.3)!/)6945E!+F6&5!=&/.0:!! ! 7":-;!
G*!+F6&.1)*!7":-;<!.4+!%)*2!51>+.1?+!!"!10!.4+!2+'&E!')*0.&*.!)/!.4+!1*A+/0+!)>!.4+!(1*+.1'!/&.+!')*0.&*.! >)/!.4+!.4+/?)/+A+/01%5+! 51*(0! 1*!.4+!'560.+/<!&*2!!#! 10! .4+!/4+)5)91'&5! 51>+.1?+! )>! .4+! '560.+/! &0! &! 34)5+:! G*! .4+1/! =&=+/<! H+?+*)A! &*2!I6%1*0.+1*!?&(+!.4+!&/96?+*.!.4&.!.4+!.3)!.1?+0'&5+0!'&*!%+!/+5&.+2!.4/)694!$J%K








$%!&'()*!+,!&-'!)+*&!$).+(&/%&!)/&'($/0!./(/)'&'(*1!!2+%3'(*$+%!4!56!7+%8!0$,'&$)'!4"#56! 9'0! .+$%&! 2+%3'(*$+%! 4!$%&56! /%8! &-'! 0+%9'*&! ('0/:/&$+%! &$)'! $%! &-'! %'&;+(<!4"'()5=! !4"=>5!









$%&'()*+),-!.,(!+/%!0)&',%12&+)'!3%/20),(!,.!+/%(4,(%0%(&)315!'(,&&1)-6%$!42+%()21&7!8/)'/! (%*(%&%-+! 2-!%0%(9)-'(%2&)-:15! )4*,(+2-+! '12&&!,.!42+%()21&;! !</)&! 2**(,2'/!8)11!=&%!2!'/%4)'2115!8%119$%.)-%$!4,$%1!>)%1&9?1$%(!-%+8,(6!+,!',=*1%!%@*%()4%-+&!8)+/!+/%,(5!2-$!$%4,-&+(2+%!+/%!021)$)+5!,.!+/%!+/%,(5!.,(!+/%&%!42+%()21&;!
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$%&'(!'()!*'+,-*-),!*.-,/-,01!2%+/-$%(3/-.('+!$%&'(!'()!*'+,-*-),!*.(.*,&0!4'5,!6,,(!%0,)!-(!'!(%*6,&78977:!7;!.$!'<<+-3'/-.(0!/.!$.&*!/4,&*.&,5,&0-6+=!3&.00+-(>,)!<.+=*,&01! ?4-0! &,'3/-.(! @,(,&'++=! $.++.A0! 0/'()'&)! 34,*-3'+! ,B%-+-6&-%*!6,4'5-.&!'0!-(!,B%'/-.(!"1;:!A4-34!4'0!<&,5-.%0+=!6,,(!&,<.&/,)1;:!7"!
C"1;D!
E,&,:!F!-0!/4,!3.(5,&0-.(!.$!'!+-*-/-(@!&,'@,(/:!GHIJ!-0!/4,!-(-/-'+!3.(3,(/&'/-.(!.$!/4'/!+-*-/-(@!&,'@,(/:!&!-0!/4,!&'/-.!.$!+-*-/-(@!/.!,F3,00!&,'@,(/:!KEJ!-0!/4,!4,'/!.$!&,'3/-.(! '()! KLJ! -0! /4,! ,(/&.<=! .$! /4,! &,'3/-.(1! ?4-0! '<<&.'34! ),03&-6,0! /4,!,B%-+-6&-%*! 3.(0/'(/! MN! '0! '! $%(3/-.(! .$! '60.+%/,! /,*<,&'/%&,! ?! A-/4! /4,!'<<&.<&-'/,!-),'+!@'0!3.(0/'(/!O1!

?4,!3&.00+-(>!),(0-/=!-0!4-@4!,(.%@4!-(!/4,!$%++=!$%(3/-.('+-R,)!3'0,!/.!$.&*!'!@+'00=!<.+=*,&!'/!'*6-,(/!/,*<,&'/%&,V7"!4.A,5,&:! -/0! $%(3/-.('+-/=! -0! +.A!,(.%@4!/4'/!'!*.),0/!-(,B%'+-/=!.$!0/.-34-.*,/&=!C-(!.%&!3'0,!&WJ1;X!/.!J1YD!-0!0%$$-3-,(/!/.!
! 
KC T( ) =
x












$%&'&()!*&+,)-.(/! &'&(!,)! )0&!&12-+-3%-24!5.('&%6-.(!.7! )0&! +-4-)-(*! %&,5),()!,)!,++!)&4$&%,)2%&6! 6)28-&89! :;! 5.43-(-(*! )0&! &77&5)6! .7! )0&6&! )<.! 5,$,3-+-)-&6! 7.%!5.()%.++-(*!)0&!6;6)&4/!,!*&+!$.-()!5.('&%6-.(!,(8!-)6!5.%%&6$.(8-(*!*&+!)&4$&%,)2%&!5,(!3&! ),%*&)&8!82%-(*! )0&! 7.%42+,)-.(!6)&$/!<-)0.2)!,(;!,88-)-.(,+! 6;()0&6-69!=&!)..>! ,8',(),*&! .7! )0-6! &77&5)! ).! )&6)! )0&! ?&4&(.'! ,(8! @23-(6)&-(! )0&.%;! <-)0!,(,+.*.26!4,)&%-,+6/!32)!,)!6&'&%,+!8-77&%&()!5.(8-)-.(69!
!
!"#$%$&'()*!A2+)-72%,(!4.(.4&%!?@B!26&8! -(! )0-6!6)28;/!,!$&(),&%;)0%-).+!)%-CD)&)%,,5%;+,)&!E?@F#GH!6236)-)2)&8!'-,!A-50,&+!,88-)-.(!<-)0!72%72%;+!4&%5,$),(!,(8! .5),(&)0-.+9! B2(5)-.(,+-);! -6! ,8I26)&8! 3;! ',%;-(*! )0&! %,)-.! .7! 72%,(! ).! .5),(&!4.-&)-&6! -(! )0&! %&,5)-.(! 6)&$9! J0&6&! 5.4$.6-)-.(6! ,%&! 8-6)-(*2-60&8! 3;! 8-6$+,;-(*!)0&!%&62+),()!&77&5)-'&!72(5)-.(,+-);!-(!$,%&()0&6&6/!&9*9!?@BEK9LH9!
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45()/$3&3,06,'0(0'$%3,$%&'! ()*)!+(,-./01-2-34+5*)+6/-201-2-7! 849,:1-4,43-7*! .;4-./01:,42-*!<=;<=;01!,-;>:6.:2!:23!?>.:2-./4?1!@-;-!6=;>/:9-3!<;?,!A4B,:+C13;4>/D!AEFG"!@:9!;->-4H-3!<;?,!A:;.?,-;D!$4>/1?;?,-./:2-!9=6614-3!80!I49/-;!@:9!=9-3!:9!9?1H-2.D!
AEI(JDK7!@:9! 902./-94L-3! :9! ;-6?;.-3! 6;-H4?=910DF5! &;4-<10*! AEFG"! :23! "M!,?1:;! -N>-99! ?<! <;-9/10! 349.411-3! <=;<=;01! ,-;>:6.:2! @-;-! ,4N-3! @4./! :2! -O=:1!H?1=,-!?<!34>/1?;?,-./:2-D!P/49!9?1=.4?2!@:9!9.4;;-3!>/411-3! 42!:2! 4>-!8:./*!:23!)!@.M!.;4-./01:,42-!@:9!:33-3!.?!>:.:10L-!./-!'4>/:-1!:334.4?2D!C<.-;!F5!/?=;9*!./-!;-:>.4?2!@:9! >?,61-.-! :9! H-;4<4-3! 80! 6;?.?2!Q'ED! RN>-99! <=;<=;01!,-;>:6.:2! :23!.;4-./01:,42-!@-;-!;-,?H-3!=23-;!/4B/!H:>==,D!
AEI(JD#7! @:9! 902./-94L-3! :9! 3-9>;48-3! :8?H-*! 8=.! =942B! S#M! ?<! ./-!9.?4>/4?,-.;4>! :,?=2.! ?<! <=;<=;01! ,-;>:6.:2*! 9=89.4.=.42B! TJ"M! ?>.:2-./4?1D!I=;<=;01!,-;>:6.:2!;-:>.9!,=>/!<:9.-;*!:9!4.!/:9!:!1?@-;!6UC*!:23!2?!-N>-99!<=;<=;01!,-;>:6.:2! 6-:V9! @-;-! 9--2! 42! 6;?.?2! Q'E! =6?2! ;-:>.4?2! >?,61-.4?2*! 9?! ./-!,?2?,-;!49!./-;-<?;-!:!J#M!?>.:2-./4?1+9=89.4.=.-3!H-;94?2!?<!AEI(JDK7D!
708%&$%,)%*(360%',&(6%*%$-,3#$1)%0310#5,W2<;:;-3!96->.;:!@-;-!>?11->.-3!?2!:!P/-;,?+Q4>?1-.!':B2:+WE!S"#!A-;4-9!WW!429.;=,-2.! @4./! :! >=9.?,! 9:,61-! 9.:B-! :23! .-,6-;:.=;-! >?2.;?11-;! >?,842:.4?2D!A:,61-!6;-6:;:.4?2!49!3-9>;48-3!42!:!6;-H4?=9!6=814>:.4?2DJ!
! "#!

*'$++,-./)0#.+-&()%*+! 3/5315/.8,9! ,7! 3),00589F! 2+908.:! 7,)! 10+! 89! 2+.+)-8989<! .*+! .*+,)+.83/5!45/.+/1!-,21510!P4;.*+,)!80!893512+2!/0!0144,).89<!897,)-/.8,9B!

! "#!


!"#$%&'"#%()*$+,O+!4'@%!/*%!+,!&-%!5%)'&(+0*-(?!(0!XP/'&(+0!Y1#F! (&! (*!.)%'5!&-'&!%P/()(B5(/4F!@(0%&(.F! '0$! *&5/.&/5')! ?'5'4%&%5*! +,! &-%! 4+0+4%5*! 4/*&! B%! .+4B(0%$! =(&-!4%.-'0(.')! 4%'*/5%4%0&*! +,! &-%! ?+)A4%5! 4(E&/5%1! ! X*&(4'&%*! ,+5! &-%! -%'&! '0$!
! "#!

!! ! ! JQ=QP!
1,0! 50$8! &(! $0&.@,&$! &4$! +('1,'8! ,%8! '$6$'0$! ',&$! -(%0&,%&0! 9+! ,%8! 9'!-(''$0)(%8.%7! &(!$,-4!@$,05'$@$%&/!14.-4!,20(!,22(1$8! +('! &4$!-,2-52,&.(%!(+! &4$!$E5.2.<'.5@!-(%0&,%&!RS=!3!'$)'$0$%&,&.6$!+.&!.0!)'$0$%&$8!.%!A.75'$!Q=T=!
!
!"#$%&'()*+!UV,@)2$!9.%$&.-!),',@$&$'0! +('!WDAJ#="P! 'NH=GI! ! ,&!IHHXS=!B4$!),',@$&$'0! 1$'$! (<&,.%$8! 6.,! %(%2.%$,'! 2$,0&;0E5,'$0! +.&! J0(2.8! 2.%$P! &(! &4$! ABCD!




















































-#>"2!
7'*C+&U! %&7D! (6'! /'*15)'/'&(! %4! (6'! 7%&U'1(! )'7*.*(+%&! (+/'! *1! *! 45&$(+%&! %4!('/8')*(5)'!3'4%)'! (6'!U'7!8%+&(N% !&'(N! *&,! (6'!/*(')+*7<,'8'&,'&(!8)%8%)(+%&*7+(D!$%&1(*&(N!)N!(%!3'!'1(+/*(',>!
!"#$%&'()*'+$#&'$,(-#$,".&.(V6'!C+1$%'7*1(+$!18'$()*!%4!%5)!/%,'7!&'(T%)01!6*C'!*!&5/3')!%4!+/8%)(*&(!4'*(5)'1!8)',+$(',!3D!EF!(6'%)D!(6*(!*)+1'!T+(6+&!(6+1!'.8')+/'&(*7!T+&,%T>!B1!*&!'.*/87'N!(6'!$%/87'.!16'*)!/%,5751!%4!EFG-R>Q2!)I;>9!/'*15)',!*(!=="Z[!+1!16%T&!















ln KC( ) = H° T S°RT


















ln kr( ) = ln k0( ) EaRT
! 
p T( ) = C
"max
" b T( )
+ pgel
! ""!

! "#!
!
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r( fe " 1)
! "#!
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$%&'%()$*(%! +,%(! $-%! .)((+/! $%&'%()$*(%! ().0%! +1! 2.$%(%3$4! 5-23! )33*&'$2+.! 23!$6'27)886! ,)829! 1+(! $-%!&)$%(2)83! ).9! 7+.92$2+.3! +1! $-23! 3$*96! ).9!&).6! +$-%(3:! )3!3-+/.!2.!;20*(%!<4=4!!
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@<4=B!!























$%&'()*+$'%! +'! ,-! .-+-()$%-.! &(')! -)/$($0*1! .2%*)$0! )-03*%$0*1! +-4+4! *%.!/5,1$43-.!+3-()'.2%*)$0!*%.!6$%-+$0!/*(*)-+-(4!*4!$%!7$85(-!9:;:!
!

>9:;?!








































" # $( ) = " " G $( ) $
! "#!
$%&'(&%)*! +)! ),-! )-./-0+)10-! (2! %3)-0-&)! '+3! 4-! .-+&10-56! ),-3! %3! ),-! 2%0&)! (05-0!+//0(7%.+)%(3!),-!8(39-&)!0-8+7+)%(3!)%.-!'+3!4-!:0%))-3!+&;!
<=>?@!!
:,-0-!),-!+4&(81)-!)-./-0+)10-!2+')(0!3(0.+8%A-&!),-!)-./-0+)10-!5-/-35-3'-!(2!0144-0*! -8+&)%'%)*>! B,-! &'+8%39! -7/(3-3)! )! ,+&! +! $+81-! (2! C! +''(05%39! )(! '8+&&%'+8!),-(0*6!41)!.+*!4-!.-+&10-5!2(0!+3!%35%$%51+8!&*&)-.>!DE1+)%(3!=>F!'+3!),-0-2(0-!4-!0-:0%))-3!:%),(1)!+3*!.-3)%(3!(2!',+0+')-0%&)%'!)%.-&!+&;!
<=>#G@!
DE1+)%(3!=>#G!'+3!4-!0-+00+39-5! )(!/0(51'-!+3!-7/0-&&%(3! 2(0! ),-!$%&'(&%)*!(2! ),-!.+)-0%+8!+&!+!213')%(3!(2!)-./-0+)10-6!(0!+3!-$-3!&%./8-0!-7/0-&&%(3!/0(/(0)%(3+8!)(!),-!0-$-0&-!0+)-!'(3&)+3)!+35!),-!5%&)+3'-!20(.!),-!9-8!/(%3)6!+&!&,(:3!%3!-E1+)%(3!=>##>!H()-! ),+)! ),%&!-E1+)%(3!5(-&!3()! %./8*!A-0(!$%&'(&%)*!+)! ),-!9-8!/(%3)6!+&! ),%&!5-$-8(/.-3)!(38*!+//8%-&!+2)-0!+!.%3%.1.!5%&)+3'-!I.%3!4-*(35!),-!9-8!/(%3)!:,-0-!40-+J+9-!(2!3-):(0J!',+%3&!%&!),-!5(.%3+3)!0-8+7+)%(3!.-',+3%&.>#C4!
<=>##@!

































"#$%&'! ()*)! $%&'()&! *+! ,))%-.)/01! )/-%2)%-.%3,)'3%! &'.%3.*&/)/*0!4$56#789:;<=>! -*?%(! )@%3-*3%A%3&/B(%! -,)%3/,(&7! 6C*.9! C@%! 3,D! ?,),! +*3! )@%!-,)%3/,(! ,)! EE#FG! ,0?! EE"FG7! 6=*))*-9! C@%! ?,),! ,3%! 0*3-,(/H%?! )*! )@%! I3*&&*A%3!.*/0)7!J*D!+3%K'%0IL!B%@,A/*3!&@*D&!1**?!*A%3(,.M!B')!)@%!@/1@!+3%K'%0IL!B%@,A/*3!6*+!NOO!%&.%I/,((L9!*A%3(,.&!-'I@!B%))%3!D/)@*')!)@%!&@/+)7!G'3A%&!,3%!3%.3%&%0),)/A%!*+!&/-/(,3!I*-.,3/&*0&!+*3!-'()/.(%!I*-.*&/)/*0&7!



























































































!"##$%&%'()$*
+,$$%-*.*+)/0120*/-011$,'2*3%'1,(4*H/,! %+.$$'()8! 2,)$(-5! I! .=! &! %'&$$(%&'9! <,-/,:'&--(%,9! @)J@):KJLJ@KJ<A! $-,0:*+.3-/!0.'57,+!),-3.+8!%&)!4,!%&'%1'&-,2!&%%.+2()*!-.!-/,!,?1&-(.)!
! "#!
!
$%&'&! ()*+! *,! -%&! ./0.&0-'1-*/0! /2!345-*240.-*/015!3/0/3&',! ./00&.-&6! -/!-%&!0&-$/'7!*!*06*8*6415!$19,:!;%&!&<41-*/0!'&='&,&0-,!-%&!>*?@AB@!$&*C%-&6!,43!/2!155!0&-$/'7!D40.-*/0,!*EF:!()*+!.10!G&!.15.451-&6!1../'6*0C!-/!-%&!&<41-*/0!
!
H%*.%!,*3=59!,43,!-%&!./0-'*G4-*/0,!/2!*!D40.-*/0,!2'/3!&1.%!.'/,,5*07*0CI!J?G&1'*0C!3/5&.451'!,=&.*&,:!K0!-%*,!&<41-*/0!(J2+L!*,!-%&!*0*-*15!./0.&0-'1-*/0!/2!-%&,&!,=&.*&,! >3/5&.45&,! G&1'*0C! 2! J! 3/*&-*&,A! 106! M>)*I2A! *,! -%&! ='/G1G*5*-9! /2! 10! J2!3/5&.45&! G&*0C! D/*0&6! -/! -%&! 0&-$/'7! *! -*3&,:! ;%&! .15.451-*/0! /2! M>)*I2A! *,!,-'1*C%-2/'$1'6!C*8&0!-%&!<410-*-9!M>NJ/4-AI!-%&!='/G1G*5*-9!-%1-!1!C*8&0!3/*&-9!/0!1!.'/,,5*07&'!5&16,!-/!1!2*0*-&!.%1*0O!
!
$%*.%!*,!-%&!='/64.-!/2!-%&!'&5&810-!='/G1G*5*-*&,!-%1-!*!/2!2!.%1*0,!$*55!5&16!-/!-%&!0&-$/'7!106!-%&!'&,-!6/0P-I!1=='/='*1-&59!$&*C%-&6!G9!-%&!Q0!.%//,&!7R!G*0/3*15!./&22*.*&0-!240.-*/0!>*0!-%*,!.1,&I!Q2!.%//,&!*RA:!




















' P FAout( )




!?1! *+03! &5/-*0$1)! @A! 03! *+&! ,$1'&(30$1! $2! A! (&-,*0'&! 9($/@3)! @B! 03! *+&!,$1'&(30$1!$2!B)!-1<!-0!-1<!CD!-(&!*+&!6$.&!2(-,*0$13!$2!A!-1<!B!2/1,*0$1-.!9($/@3!$1!0!-1<!D!2/1,*0$1-.!6$1$6&(3)!(&3@&,*0'&.=E!

! 
xA = 0 0 0 0.2 0.8[ ]!
02!POQ!$2! *+&!6$1$6&(3!-(&! *(02/1,*0$1-.!-1<!ROQ!-(&! *&*(-2/1,*0$1-.E! ?*! 03!/3&2/.!*$!3*-(*!*+&!01<&7!$2!*+&!-((-=!-*!OE!K$(!BP!$1.=!607*/(&3)!$C'0$/3.=!
! 
xB = 0 0 1 0 0[ ]!
K($6!*+03!-((-=)!*+&!,-.,/.-*0$1!$2!!!$(!"!03!3*(-09+*2$(%-(<)!C=!%&09+*019!*+&!,$6@$1&1*3!$2!$#!-9-013*!*+&!2/1,*0$1-.0*=!&-,+!,$6@$1&1*!(&@(&3&1*3>!
! 







ai = ixA ,i b j = jxB , j !


























C[ ]0 = B2[ ]0 / yB ,2 = L[ ]0 /2yB ,2 !
! 
L[ ]0 = 2 B2[ ]0
! "#!





























C3,! 6*.6'.*+-&%! &5! *4,(*A,! )&.,6'.*(! 2,-A3+/! EF:;<1! EF:;<-! -/! *! .-+,(*.!*4,(*A,! &5! +3,!)&.,6'.*(!2,-A3+/!EFG1!EF(! &5! +3,! ,>@,6+,8! /@,6-,/! G1! (! -%! ,*63!)->+'(,1!2,-A3+,8!=0!+3,-(!(,.*+-4,!@&@'.*+-&%!>(1!>G!-%!+3,!)->+'(,B!
! 
MWSRF = MWqq" xq MWSRFi = MWrr" xr !
>G!-/!*!6.&/,!(,.*+-4,!&5!>H1-!='+!8-55,(,%+-*+-%A!=,+2,,%!/@,6-,/!+3*+!)*0!3*4,!+3,! /*),! %')=,(! &5! 5'%6+-&%*.! A(&'@/! 23-.,! 3*4-%A! 8-55,(,%+! /+('6+'(,/?! F,! 6*%!&(A*%-7,!>G!-%+&!*!)*+(->!#"$!2-+3!6&)@&%,%+/!7HG1-191!23,(,!9!-/!*%!,>+(*!8-),%/-&%!+&!6&%+*-%!+3-/!8-55,(,%+-*+-&%?!I&-%A!+3-/!*..&2/!'/!+&!5-%*..0!5&()!*%!,>@(,//-&%!5&(!
!"%&'(!=0!/'))-%A!&4,(!+3*+!8-),%/-&%B!
! 
xA ,SRF ,i = zAq,i,kk" xA ,SRFi,i = zAr,i,kk" !
! "#!
!"#! $%! &'(')*+',! %+)*$&-+./)0*),123! *%! +-'! +'+)**4)21*+'! 5)'46)%/)! 0*%!7'*%6)',! +/! 8'3! *%! *8/9'3! :;<! +'+)*.6(4+$/(*1! *(,! =;<! +)$.6(4+$/(*13! *(,! 0'!*%%67'! 4/751'+'! )'*4+$/(!0$+-! /6)!>$'1%?@1,')?*4+$9'! +-$/1A! B-')'./)'3! C! $%! $(! +-$%!4*%'!*!%$(&1'+/(!,$7'(%$/(!*(,!!"#D$"%&'(DE;!;!;!;A=!;A:FA!
!")! $%! 4*1461*+',! .)/7! !"#! 6(,')! +-'! *%%675+$/(%! /.! 'G6*1! )'*4+$9$+2! /.!*4)21*+'! &)/65%! *(,! 4/751'+'! 4/(%675+$/(3! 0$+-! 5DH;<! /.! +-'! &)/65%!.6(4+$/(*1$I',!*(,!!!!J?5DK;<!/.!+-'!&)/65%!$(')+A!L'!76%+!&'(')*+'!+-'!5)/8*8$1$+2!MN.$3CO! /.! .$(,$(&! *(! $?.6(4+$/(*1! 7/1'461'! *7/(&! 8/+-! %+*+$%+$4*112! %68%+$+6+',!5/561*+$/(%!CDK3PQ!
! 








' pi 1( p[ ]k( i !
B-$%!4*(!8'!761+$51$',!*&*$(%+!!"#!+/!5)/,64'!!")Q!
! 
zAr,i,k = P f i,k( )zAq,i !
0-$4-! 0*%! +-'! 1*%+! $+'7! ('4'%%*)2! +/! 4*1461*+'! +-'! 4)/%%1$(C! ,'(%$+23! *(,!'..'4+$9'! .6(4+$/(*1$+2! /.! RST! 4/75/%$+$/(%! 4)'*+',! 82! /6)! %+*+$%+$4*1! %68%+$+6+$/(!*(,!+0/?4/75/('(+!7$U$(&!%+)*+'&2A!
!
!"#"$"%&"'(JA! 9*(!V''C3!>A!WA!XAY!R5$')$(&3!@A!WA!ZAY!M'+')%3![A!LA!XAY!+'!\$]'(-6$%3!^AY!R$]8'%7*3!SA!MA3!_($,$)'4+$/(*1!>$7')$I*+$/(!*(,!R+*4C$(&!/.!_)'$,/52)$7$,$(/('!`(,![)/65%!$(! M/124*5)/1*4+/('! R65)*7/1'461*)! M/127')%A! !"#$%&%'(#)'(*+ *++,%! ,-! N=KO3!:P"P?:PHaA!
! "#!
`4),A-! a%/! &(18S4'+<-! =%! =%/! Z+DD4+1,+-! O%-! N48(C)22;! .82?@58)2+,A! Z12;C8(+D!6)*8(+)2<b!N48!Q8M*!.*8B!*1!R8D;D2+,A!N48(C1<8*!Z12;C8(<c!1"*#,2,34*+34)&!""#$!
/9!UGV-!FW#G@FWF$%!]%! L21M+,-! 0%! K%/! .D1**-! N%! O%/! =9J+C)-! &%! K%/! &1PC),-! 0%! Q%-! 01>)28,*! =9)B*)\28!Q8*P1(S<! U0=Q<Vb! =! [,+3'8! Z)()9+AC! +,! 0(1<<@Y+,S89! Z12;C8(<%!1"*#,2,34*+34)&
!"&"$!/0!UGV-!$GHI@$GEI%!W%! &1PC),-!0%!Q%/!L21M+,-!0%! K%-!01>)28,*!=9)B*)\28!Q8*P1(S<b!R8>8(<+\28!&1,9!.*('D*'(8<! X,D1(B1()*89! +,! Z12;C8(! Q8*P1(S<%! <-=4>"-$74& ?@42(4& A-74#-"7(,-"3&
B$(7(,-&!"&!$!;.!UF]V-!H$"$@H$"H%!F#%! .*)928(-! R%-! N(),<+8,*! ,8*P1(S<! \;! 4;9(1A8,! \1,9! +,*8()D*+1,<! +,!B12;\'*)9+8,8@C82*<%! X,! C4#2"-4-7& "-$& D#"-)(4-7& E47>,#F)-! .B(+,A8(! &8(2+,! d!58+982\8(Ab!FW]"/!e12%!"E-!BB!FH#@FHE@FHE%!FF%! *8!Q+f8,4'+<-!L%-!0)2D'2)*+1,!1?!,8*P1(S!B)()C8*8(<!+,!*48(C1(8>8(<+\28!A82<%!
C,3%24#&G43)&"-$&E47>,#F)&&##'$!/!UE@GV-!HFE@HII%!F$%! R8'*8,)'8(-! Z%/! &'428(-! g
C@%)(*)&H4I,#7)&&#%'$!.0J!UIV-!FEI@$$H%!FG%! O21(;-! Z%! K%-! 6128D'2)(! .+J8! T+<*(+\'*+1,! +,! N4(88! T+C8,<+1,)2! Z12;C8(<%! X%!782)*+1,F%!K,+#-"3&,6&7@4&<24#(*"-&?@42(*"3&5,*(47%&&#)&$!J0!UFFV-!I#]I@I#W#%!F"%! O8((;-! K%!T%-!L()*,43")7(*&I#,I4#7(4)&,6&I,3%24#)%!I(9!89%!89%/!:+28;b!Q8P!a1(S-!FW]#/!B!GHF%!F]%! 6+228(-! T%! R%/! 6)D1<S1-! 0%! :%-! =! Q8P! T8(+>)*+1,! 1?! Z1<*! 782! Z(1B8(*+8<! 1?!Q8*P1(S!Z12;C8(<%!1"*#,2,34*+34)&&#('$!:!U$V-!$#G@$FF%!
! "#!
#$%! &'()'*+!,%!-%.! /0120*+!3%.! 40567*87+! 3%! 4%.! 9:66711+!;%+!!"#$%&'()*+(",-!'".&//-
0"1&#(,2%!<:17=>?@AB!,7C!D'6E+!#$$F%!GH%! &:71)+!I%.!-1J76+!K%+!L=*(M7)7*!:*!J76!M=J6'06'N0(:)8M7*!37:M7%!34/+4/-5(&6(2/-
7,,*#&,-1&'-89&%(&-!"#$%!:;<!O#P+!$Q>#GG%!G#%! @6027*+! R%! ;%! @6'))>4:*E7J! 9M76N011=! 37276):S17! T'1=N76)! T6'J587J! U6'N!@'*J7*)0(:'*!T'1=N76)!C:(M!T7*J0*(!V560*!/6'5W)!@6'))>4:*E7J!C:(M!;017:N:J7)%!XYXFHHX+!#$Z$%!GG%! O0P!/':(:+![%.!A70(17=+!V%.!A5\1:*+!;%!]%.!37\'+!R%!;%+!K:*7(:8!0)W78()!'U!(M7!&:71)>-1J76! 6708(:'*! S7(C77*! W'1=O)(=67*7>8'>U56U56=1! N7(M086=10(7P! 0*J! S:)N017:N:J7%!
=4'">&*,-!"#$%&'-3"4',*#-#&&'%!:<!O"P+!#YF#>#YZH.!OSP!/':(:+![%.!A5\1:*+!;%!]%.!37\'+!R%!;%+! L'N7! W6'W76(:7)! 'U! *7(C'6E)! W6'J587J! S=! (M7!&:71)>-1J76! 6708(:'*! S7(C77*!W'1=O)(=67*7>8'>U56U56=1!N7(M086=10(7P!0*J!S:)N017:N:J7%!=4'">&*,-!"#$%&'-3"4',*#-
#&&'%!:<!OGP+!G#$>GGZ.!O8P!@')(0*^'+!T%!R%.!]7=76+!V%!4%+!9M76N'67)W'*):27+!IW(:8011=!-8(:27!V:1N)!]0)7J!I*!&:71)>-1J76!@M7N:)(6=%!89&%(/+'$-"?-0*+&'(*#/-#&&(%!@A!OGFP+!Z#ZQ>Z#"X.!OJP!T7(76)'*+!-%!;%.!R7*)7*+!3%![%.!T01N7)7+!/%!3%+!37276):S1=!86'))>1:*E7J!W'1=N76! \71)! 0)! M701:*\! 0\7*()! U'6! 7W'_=>0N:*7! (M76N')7()%! 78B- 7>>#- 0*+&'-
C,+&'?*.&/-#&&"%!@!OFP+!$$G>F.!O7P!`*\1:)+!-%!R%.!,7SM0*:+!4%.!-1(:*(0)+!I%.!L8MN:J(+!V%!/%.!]06*76>K'C'11:E+! @%+! 30W:J! ]'*J:*\a&7S'*J:*\! '*! &7N0*JB! 37276):S1=! @6'))>4:*E7J!V5*8(:'*01!T'1=N76)!2:0!&:71)bcd-1J76!@M7N:)(6=%!0*.'"%"#&.4#&/-#&!&%!:D!O#XP+!FF#F>FFGH.!OUP!T7(76)'*+!-%!;%.!R7*)7*+!3%![%.!T01N7)7+!/%!3%+!3''N>97NW760(567!A701:*\!'U!0!9M76N')7((:*\!T'1=N76!e):*\!(M7!&:71)>-1J76!3708(:'*%!78B-7>>#-0*+&'-
C,+&'?*.&/-#&!&%!E!OYP+!##Y#>##Y$%!GX%! O0P!R'*7)+!R%!3%.!4:'((0+!@%!4%.!@'1106J+!&%!;%.!L8M:601J:+!&%!-%+!@6'))>4:*E:*\!0*J!;'J:U:80(:'*! 'U! T'1=O7(M=17*7! (767WM(M010(7>8'>G+Z>0*(M6087*7J:806S'_=10(7P! S=!&:71)bcd-1J76!3708(:'*)!C:(M!;017:N:J7)%!0*.'"%"#&.4#&/-!"""%!DE!O#QP+!F"QZ>F"$G.!OSP! LC0*)'*+! R%! T%.! 3'^20J'2)E=+! L%.! L7WW010+! R%! [%.! ;08E0=+! ;%! [%.! R7*)7*+! 3%! [%.!@')(0*^'+! T%! R%+! &7271'WN7*(! 'U! T'1=N76:8! TM0)7!@M0*\7!;0(76:01)!I*! (M7! S0):)! 'U!&:71)>-1J76! @M7N:)(6=%!0*.'"%"#&.4#&/- #&!&%! :D! O#YP+! Z#XF>Z#Y#.! O8P! /'5))f+! @%.!/0*J:*:+! -%+! &:71)g-1J76! W'1=N76:^0(:'*! 'U! J:U560*)!C:(M! S:)N017:N:J7)%!!"#$%- C,+-
e*J761=:*\! (M7!;086')8'W:8!;78M0*:801! T6'W76(:7)! 'U! @''6J:*0(:271=!@6'))>4:*E7J! T'1=N76! ,7(C'6E)%! 3"4',*#- "?- +9&- 7%&'(.*,- 89&%(.*#- B".(&+$- #&&)%!

! "#!







! "#!
$%&'()$*+,!-,(.!(/0,12!$3%!$4)'$),!-,4.$3/4$+!-5)/536"!7.,(,!%/88,9,3)!,88,4)(!$9,!%',!)5!:$9;/3<!'3%,9+;/3<!4.,-/4$+!-,4.$3/(-(1!.5=,:,9>!).,!8'3%$-,3)$+!3$)'9,!58! ).,! ?.,35-,353! /3! ,$4.! 4$(,! /(! ).,! 4+,$:$<,! $3%! 9,45-*/3$)/53! 58! 495((+/3@(6!7.,9,859,>! ).,! 8'3%$-,3)$+! :/(45,+$()/4! *,.$:/59! (.5'+%! *,! $3$+5<5'(! $3%! .$:,!(,:,9$+!45--53!8,$)'9,(!859!,$4.!58!).,!4$(,(6!!

N5=,:,9>! ).,! 9,('+)$3)! 9,+$)/53(./?! 58! /3),9,()>!
! 
"max #" bond $ >! O/6,6!-,4.$3/4$+! 9,+$K$)/53! )/-,! /(! ?95?59)/53$+! )5! ).,! ?95%'4)! 58! ).,! )9$3(/,3)! *53%!+/8,)/-,! $3%! %/()$34,! 895-! ).,! <,+! ?5/3)P! 45'+%! 4534,/:$*+;! $9/(,! 895-! 5).,9!-5+,4'+$9F(4$+,! -,4.$3/4$+! ,88,4)(! 9$).,9! ).$3! ).5(,! +/(),%! /3! ).,! QRRJ! ?$?,9(6!G?,4/8/4$++;>!).,;!$((,9)!).$)S!
! "#!
$% &'()*+,(*-! .'-*/*0,1+! (1..'231+42! 01! .'-*/*0,1+! 15! 216(*--'4! 0'.7,+*-!(-820'.29!:% ;'.7,+*-!(-820'.2!7*<!.'-*/!',0)'.!=<!4,5582,+>!*!4,20*+('!1+!0)'!1.4'.!15!0)',.! 1?+! .*4,82! 1.! =.'*@,+>! *-1+>! 0)',.! A=*(@=1+'B! ,+01! (-820'.2! 15!*33.1/,7*0'-<!'C8*-!2,D'9!*+4!E% F'0?1.@!()*,+2!7*<!='!4'2(.,='4!,+!0'.72!15!0'.7,+*-!(-820'.2!(1++'(0'4!01!(.122-,+@2%!
;)'2'! *228730,1+2! 4,.'(0-<! -'*4! 01! 0)'! 3.131.0,1+*-! 2(*-,+>! .'-*0,1+2),3!*=1G'9!?),()!?'!)*G'!'G*-8*0'4%!H80!3*22,+>!0)*0! 0'20! ,2!1+-<!'G,4'+('!28331.0,+>!0)'! )<310)'2,D'4! 7'()*+,279! .*0)'.! 0)*+! *! (1+(-82,G'! 4'71+20.*0,1+! 15! ,0%! ;1!'G*-8*0'!'*()!15!0)'!*22'.0,1+29!,0!?18-4!='!130,7*-!01!82'!*!0'()+,C8'!2'+2,0,G'!01!4,55'.'+('2!,+!71-'(8-*.!=')*G,1.%!

! "#!
$%! &'()*+,! -$./'/*0! /1! *,21)/+1*! 1+*3$,4)5! 60! 32*&7/18! 21! /19/:/9(2''0! '2.+'+9!*,21)/+1*! &'()*+,;! /*! /)! /1! <,/1&/<'+! <$))/.'+! *$! $.)+,:+! .,+2428+! +:+1*)! .0! 1$*/18!9/)&$1*/1(/*0!/1!*7+!)'$<+!$%!*7+!)=(2,+9!9/)<'2&+-+1*!:+,)()!*/-+!&(,:+;!/''()*,2*+9!/1!%/8(,+!>5?5!!
!
!"#$%&'()*+! @9+2'/A+9!70<$*7+*/&2'! )=(2,+9!9/)<'2&+-+1*!:+,)()! */-+! &(,:+!<$*+1*/2''0! $.)+,:+9! 37+1! 2! '2.+'+9! *,21)/+1*! &'()*+,! (19+,8$+)! 2! )/81/%/&21*!.,+2428+!+:+1*!B-2))!-!CD!-EF;!709,$9012-/&!,29/()!GH! CD!GHEI;!JCDIJK!2*! */-+!*L?5!
!"#$%&'(











#$%&'(')! *+)! ,*-&! )%$./0-'! $+&$! *! .0%*+1*234256$+'2789:! &%'*&')! ,$#'%-;0.<!&1'+!=*>')!*&!?@ABC!D$%!E!F0+G&'-H!
!"#$%& '(#)*($%& *)+%),#$(,)& +%-"*).,)(,)& /',*".,"01& 2!34567& $(8& 9$*#',%)&
#*$,:'(;&$(8&#*$<),#"*1&$($%1.'.&IJKL9! /*-! .'%D$%F')! G-0+M! *! N0>$+! IOPQAAA! F0,%$-,$.'! /0&1! @AR!$=S',&0#'<!*+)!*!@EA+F!'(,0&*&0$+!;*-'%H!I1'!-'&G.!0-!DG;;T!)'-,%0=')!0+!*!+GF='%!$D!%'D'%'+,'-<!*-!0-!&1'!,$)'!D$%!&%*S',&$%T!*+*;T-0-<!/10,1!/*-!%'PG-')!D%$F!.*,>*M'-!=G0;&!D$%!-'#'%*;!$&1'%!.G=;0-1')!*+*;T-'-HUP?Q!

! "#!
!

! "#!
!

! "#!
!

! "#!
$%&'(!!"#$!%&!)'*!+,-+.')/!012-23/+)41&'(!5)&/+*!-2!0.2*$4+!)'6!7&%&3/+!%&(')/!)327+!3)48(.2$'*9!

*+,+-+#$+')#9! G/2,&'C! H9! I9J! K42--C! ;9! >9J! :*L&A)C! M9! I9J! M2BA)'C! H9! N9C! H27)/+'-! :*)0-)3/+!N+-B2.8%! OH:N%PQ! :! R'&S$+! @).)*&(A! &'! H.2%%ET&'8+*! @2/6A+.%9!'()*+,+-.)&-.$#
!"#"$!/0!OUPC!VUWXEVUYX9!V9! O)P!@).8C!Z9![9J!G/2,&'C!H9! I9J!K42--C!;9!>9J!M2BA)'C!H9!N9C!K-.+%%!=+/),)-&2'!36!:**&-&2'E>.)(A+'-)-&2'!H1)&'!;.)'%5+.!&'!Z&(1/6!H.2%%ET&'8+*!;1&2/E['+!N+-B2.8%9!
'()*+,+-.)&-.$#!"#"$!/0!OVWPC!#\#""E#\#]\J!O3P!G/2,&'C!H9!I9J!K42--C!;9!>9J!M2BA)'C!H9! N9C! K-.+%%! =+/),)-&2'! 7&)! :**&-&2'E>.)(A+'-)-&2'! H1)&'! ;.)'%5+.! &'! )! ;1&2/E+'+!@12-202/6A+.&L)-&2'9!'()*+,+-.)&-.$#!""%$!/1!O^PC!VYY#EVYYU9!X9! :A)A2-2C![9J!G&8$41&C!?9J!?)%$')()C!Z9J!K)%)8&C! K9J!_-%$8)C!Z9J!;)8)1).)C!:9C!=+2.()'&L)3/+! H1+A&4)/! @2/6A+.! `+/%! M)%+*! 2'! D6')A&4! H27)/+'-! a,41)'(+! )'*!H2'-.2//+*!?2'2A+.!<'%+.-&2'9!'()*+,+-.)&-.$#!""%$!/1!OVVPC!"^XXE"^X"9!W9! O)P!H1+'C!b9J!D)AC!?9!:9J!_'2C!G9J!?)/C!:9J!K1+'C!Z9J!N$--C!K9!=9J!K1+.)'C!G9J!c$*/C!>9C! :! ;1+.A)//6! =+EA+'*)3/+! H.2%%ET&'8+*! @2/6A+.&4!?)-+.&)/9! 2)!.").#!""!$!134!OYYU\PC! #U]"E#^\VJ! O3P! H1+'C! b9J! c$*/C! >9J! ?)/C! :9! G9J! K1+'C! Z9J! N$--C! K9! =9C! N+B!;1+.A)//6! =+A+'*)3/+! Z&(1/6! H.2%%ET&'8+*! @2/6A+.&4! ?)-+.&)/%9!'()*+,+-.)&-.$#
!""&$!05!OUPC!#"\VE#"\^9!
! "#!

!"&&$! ;! UHWV,! WJHJ1WJ##K! U;V! Y(25*',! :%K! P>7A('@Z,! X%! O%,! P3+L2*! ./2*>=2*![;0*')(@3/+0!/?!.=2@3D2*!<'/@*3+!</D=2(@3/+0! (@! @7*![321Y(@*'! \+@*'?(>*%!6"17&)3$+
!"&"$! 8<! UHJV,! HEEJF1HEEJWK! U>V! P'3'(8,! \%K! Y(25*',! :%K! P>7A('@Z,! X%! O%,! P@/4*01]3+0@*3+! (+5! 5*0/'D@3/+18*53(@*5! 53??=03/+! /?! D'/@*3+! 8/2*>=2*0! (@! @7*! /321A(@*'!3+@*'?(>*%!9%:2+!"22($+!"&!$!4!U##V,!JGGG1JGGE%!HH%! U(V!O(0@(+@3+,!.%K!P>7A('@Z,!X%!O%,!&/++*>@3+L!:('*!XSM!&/+?/'8(@3/+0!(+5!P='?(>*! X9+(83>0! ^03+L! P3+L2*1./2*>=2*! :*0/+(+>*! ]+*'L9! 6'(+0?*'%! .#*+ ="1%+
!"&&$! >! UH#V,! I"JH1I"JIK! U;V! Y(25*',! :%K! S*20/+,! S%K! P>7A('@Z,! X%! O%,! P=D*'1'*0/2=@3/+!0='?(>*!8(DD3+L!=03+L!@7*!@'(_*>@/'3*0!/?!8/2*>=2('!D'/;*0%!="2+?%&&)1+







! "#!
$%&'()('&'*! &+!,%*'(-&.%*!/+0!%'&0+(1! -&(,2&,('! .%*! 3(.2&,('!/'.4$%5! $%&'(.2&! $%!6789:;-<!

:!)(+=$-$%5!&($55'(!3+(!6789:;-!$-!&/'!,-'!+3!-'4384$=$&'*!/@-&'('-$-!/'.&$%5<BA!
"! P@! -,-)'%*$%5! 3'((+=.5%'&$2! =$2(+).(&$24'-! $%! .! ('>'(-$?4'! %'&0+(1! =.&($DA! .!=.5%'&$2.44@! -'%-$&$C'*! 2+=)+-$&'! $-! 3+(='*! 0/$2/! /'.&-! ,)! 0/'%! 'D)+-'*! &+! .!
! "#!
$%&'()*$+,-+./01! 2'32)45$+.3521! (4/'66%5'.3! 7%3.+5'/! *'+6&89! :+;+.&'.3! (.! ;%$5'/6+!/(7;(4'5'(.! %.&! 3+(7+5$01! <=+6! $+6%>%5'(.! '4! 52+! &(7'.%.5! /(.5$'?-5'(.@A! 5(! 52+!2+%5'.3!7+/2%.'47B!4(1!%4!52+!C-$'+!5+7;+$%5-$+!(*!52+!7%5+$'%6!'4!%;;$(%/2+&!%.&!52+!7%3.+5'/!4-4/+;5'?'6'50!&+/$+%4+41!52+!%7(-.5!(*!;(D+$!52+!;%$5'/6+4!/%.!+>5$%/5!*$(7! 52+! EF! 7%3.+5'/! *'+6&! &$(;4! -.5'6! 52+! 7%5+$'%6! $+%/2+4! %! 45+%&0)45%5+!5+7;+$%5-$+1!%4!&'%3$%77+&!'.!F'3-$+!G8@8!!
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! "#!
$%&'($()'! *+,-./! 01! 23'%0'! %! 04'3$13'5'36(7&'8! 91&:$'3(;')!$%0'3(%&<! ! =%7&'!><?!&(606! 04'! ($9130%@0! 9319'30('6! 1A! 04'! 21$916(0(1@6! 1A! (@0'3'60! (@! 04(6! 60B):8! C4(&'!D24'$'!><?!)(69&%:6!04'(3!24'$(2%&!603B20B3'6!%@)!3'%20(1@6<!










































!
+,-./$&'(0*!P%5&$.C!B+-=%''Q!D)G!:;<,!$'!=5'0!$.0-!45+!,-&*'I!D7G!H1$=1!5+%!9+5=0/+%*!5.*!DNG!+%0/+.%*!0-!01%!,-&*?!@1%!45+'!5+%!'/4J%=0%*!0-!K!-+!LM!,$./0%'!-9!;<! 1%50$.C! =-.*$0$-.'I!H1$=1! +%'/&0'! $.! D#G! 01%! *$'5BB%5+5.=%! -9! 01%! 9+5=0/+%! 5.*!+%=->%+2!-9!01%!9&%A/+5&!'0+%.C01?!
!"#$%&#'()*'+,#-$##,.)'R/+!$.*$=50-+!-9!1%5&$.C!$.!01$'!'0/*2!$'!01%!/&0$,50%!9&%A/+5&!'0+%.C01!DS<:G!-9!01%! 45+'?! <+-,! @54&%! E?LI! 01%! C%.%+5&! 0+%.*! $.! S<:! +%=->%+2! $'! 5BB5+%.0! 5.*!$.0/$0$>%Q!01%!45+'!H$01!1$C1%+!9/.=0$-.5&$02!D5.*!=+-''&$.O$.CI!5.*!C%&!0%,B%+50/+%G!
RF heating 
5 or 10 min 
A B C D 
! "#!
$%&'()(! *(++! &($*',-! $.! $! -')(,! &($*',-! .'/(! %0/1$2(3! .0! *04(2! 56,%.'0,$*'.7!/$.(2'$*+8! $,3! 9$2+! +69:(%.(3! .0! $33'.'0,$*! &($*',-! .'/(! (;1(2'(,%(! ',%2($+(3!52$%.62(! &($*',-<! =04()(28! .&(! (;1(2'/(,.! '+! $,! ',.2',+'%$**7! ,0'+7! 0,(8! +0! $!+.$.'+.'%$*!$,$*7+'+!05!.&(!$11$2(,.!.2(,3!'+!,(%(++$27<!

!"#$%&'()*!@ABC@!05!$!5';(3!(55(%.+!/03(*!05!&($*',-!GJF/!%0/10+.'0,+!G062%(!05!GI6$2(+! G6/!05!GI6$2(+! R(-2((+!05!F2((30/! W($,!GI6$2(+! FP!G.$.'+.'%! X209$9'*'.7!05!FYFP!=! QQQ<Z"M! K! ZZ<[#! S<ZN! P<PQN!F\=! Q[S<PPP! S! SM<ZP! M<ZN! P<PQS!]2202! ZPQ<MPN! SQ! QK<KM! ! !T0.$*! [KM<PSM! S[! ! ! !!T&(!120%(++!05!52$%.62(!&($*',-!',!2()(2+'9*7!%20++*',V(3!10*7/(2!,(.402V+!'+!-(,(2$**7!6,3(2+.003!.0!9(!%*0+(*7!906,3!.0!.&(!%&(/'%$*!9(&$)'02!05!.&(!2()(2+'9*(!
! "#!
$%&'()*+,!--!./0123/4!54067&8!7&!254/9%:60(271(!50(!$44&!(5%;&!2%!$4!16%(46<!/46024'!2%!254!:/790/<!94150&7106!/460=027%&!94150&7(9,!;5715!7(!7&!9%(2!10(4(!/4:2027%&)->!?4! 50@4! (5%;&! 7&! :/4@7%3(! ;%/+*A! 2502! 254! '%97&0&2! /460=027%&! 94150&7(9,! 0(!4@7'4&14'!$<!/54%6%87106!940(3/494&2,! 7&! 2/0&(74&2!&42;%/+(!(315!0(!%3/(!10&!$4!'4(1/7$4'! 011%/'7&8! 2%! 0! (79:64! 67&40/! /46027%&(57:!$42;44&! 254! /4@4/(7$64!$%&'B(!67C42794!D$!0&'!254!'7(20&14!C/%9!254!846!:%7&2!EF!
! ! ! ! ! ! ! ! GH)-I!
;5715! 1%&&412(! 15497106! 0&'!94150&7106!$450@7%/!0&'!90<!06(%!0::6<! 2%! C/0123/4!54067&8! $450@7%/! 7&! 257(! 9%'46! 254/9%/4@4/(7$64! &42;%/+)! JC! ;4! 0((394! 2502!94150&7106! /460=027%&! 2794! 7(! 254! %&6<! 1%&2/7$327&8! C012%/! 2%! 54067&8,! 0! (79:64,!7'4067K4'!9%'46!%C! C/0127%&06!L.M!/41%@4/<,!NG2NI,! 0C24/!3&'4/8%7&8!0!54067&8!1<164!60(27&8!2N!97&324(!97852!$4F!
! ! ! ! ! ! ! GH)>I!
7C!D9!50(!0!1%&(20&2!@0634!%@4/!254!4&27/4!54067&8!1<164,!;5715!;%36'!$4!254!10(4!C%/!0!$0/!7&(20&26<!0&'!4@4&6<!54024'!2%!0!1%&(20&2!249:4/023/4!0&'!$%&'!1%&@4/(7%&,!0&'!254&! 7994'70246<! O34&154'! 02! 2N)! N%;4@4/,! 7&! 0! /406! 54067&8! 1<164,! D9! ;766! 50@4!(78&7C710&2! 2794! '4:4&'4&14)! P54/4C%/4! 0!9%/4! 1%9:671024'! 7&248/06! 4=:/4((7%&! 7(!/4O37/4'!2%!10:23/4!254!$450@7%/!%C!L.M!/41%@4/<!C%/!0&!0/$72/0/<!54027&8!1%&'727%&,!NQG2NIF!




H ( tH ) =1 " e
"tH# m
! 
HA (tH ) =1" exp " #m"1dt0
t H$( )
! "#!

!
!"#$%&'()*+!D%:2%3',(3%!4%3)()!,-:%!-/!KLM:!&.:2.)-,-./)!-/!,6%!-/5(&,-./!6%',%3!')!:%')(3%5!',!'/!.2%/!)':27%!)(38'&%!()-/=!'/!-/83'3%5!,6%3:.:%,%31!D6%!&(34%! -)! '!E-%&%<-)%!F(?-&!G%3:-,%! H/,%32.7',-/=!E.7C/.:-'7! IEFGHEJ!.8! ,6%!:%'/!,%:2%3',(3%!',!%'&6!,-:%1!N)-/=!,6-)!3%7',-./)6-2!,.!:.5%7!,6%!,%:2%3',(3%!5%2%/5%/&%;!<%!-/,%=3',%5!,6%! '?.4%! %B23%))-./! /(:%3-&'77C! I5%,'-7)! -/! ,6%! )(227%:%/,'7! )%&,-./J1! D6%!































!
!"#$%&'()*+!N(4)!49! .+)%1$*)%-!0%*(.+1!/'$2%&!OPG)OJ! 94$!HQ5:!/4:,4&.).4+&!.+/('-.+1! *! 0<,4)0%)./*(! 9RS7@! :*)%$.*(7! =0%! 0%*(.+1! /'$2%&! *$%! ;'*(.)*).2%(<!
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HE (tH ) =1" e
" t H #H 0 "DtHe
" t H #H 0$Tgel ! E;<FG!

! "#!
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• $%! -(%+2.+7-,%+! *+,&-()! %-.+/0! 12,3%42+! *+,&-()! 7+8+(7/! '(! %*+! 6-(+%-3/! '1!:'%*!(+5!32'//&-(6/!:+-()!1'2.+70!,(7!%*+!2+&,;,%-'(!'1!%*+!(+%5'26!74+!%'!3*,-(! ,(7! 3&4/%+2! :2+,6,)+! ,(7! 7-114/-'(A! B'.8'/-%-'(/! *+,&-()!5+&&! ,:'C+!%*+-2! )+&! %+.8+2,%42+! +//+(%-,&&9! 2+3+-C+! ,! /%2+()%*! :'(4/! ,/! 3'.8,2+7! %'!%*'/+!*+,&+7!,%!'2!:+&'5!D)+&A!
• $%!/*'2%!*+,&-()!%-.+/0!%*+!.'7+&!-/!%''!/-.8&-/%-3!%'!3'8+!5-%*!%*+!(+3+//,29!3'.:-(,%-'(! '1! ('(E-7+,&! +11+3%/! F! /43*! ,/! 5+%%-()0! 7-114/-'(0! ,(7! -(-%-,&!%+.8+2,%42+! 2,.8E48!F! %*,%!.,9!:+3'.+! -.8'2%,(%A!D*-/!:+*,C-'2! -/! %'!:+!+;8+3%+70!,/!%*+/+!3'(7-%-'(/!,2+!,&/'!'4%/-7+!%*+!2,()+!'1!'42!7,%,!/+%A!

! "#!

!"##$%&%'()$*A;9(,1%2!#<B!3(0!0%+6*)!29'*&1/(++@!9012:!(2!()(.,16*>0,*.!C92:*>D9,,*!E,-!%&)*&!12,*:&(,1%2!(+:%&1,-'!FG(,+(5H0!%)*EI!591+,>12J<!K-*!)1$$*&*2,1(+!*;9(,1%2!3(0!)*$12*)!(0L!
! ! ! ! ! ! ! ! F#<MNJ!
! ! ! ! ! ! ! ! F#<MOJ!








H =1 " F
! "#!


L*/)8.! =*(6! 3'(! 38.G0(*8! +.6+6! A.(.! /*1.! =C! /$G$%,! +-.! 6+'$&-$'/.+($&!*/'0%+!'3!=$6/*8.$/$1.!XYZO!A$+-!+-.!*))(')($*+.!LM9/!/'%'/.(!*%1!-.*+$%,!+'!?#V[P!$%!*%!'7.%!3'(!E!/$%0+.6H!*!&'%1$+$'%!6033$&$.%+8C!-'+!+'!1$66'87.!XYZO!=0+!3'(!
! "#!

!
!"#"$"%&"'(>=! K4'F.+5! L=! M=N! O3'))5! @=! P=N! G1H./$5! Q=! M=N! Q'B/$+5! L=! R=5! L'0$4*+)! G1$<)$C4*!R*)B'(S%! TLGR%UV! G! W+.A,*! X$($1.-/! .+! L('%%;Y.+S*1! X'4:/*(%=!($)*+,+%!)-%!.#
!"#"$!/0!TZU5!7Z[?;7Z\?=!7=! ],5!D=N!^*,(*5!O=N!O'4'/'+5!D=5!O*42;&*$4.+-!<'4:/*(.3!/$)*(.$4%V!G!(*0.*B!'2!(*3*+)!1*0*4'</*+)%=!1*+2*!..#34#1+%5,!*#6)3!4)!#!""%$!00!T\U5![_";\77=!?=! Q*(-/$+5!O=!D=N!],145!P=5!^*+1$C4*!<'4:/*(%=! 7+-*4$%#+8#($"!*3$%.#9:!,3."*5#
!""%$!;'!T>U5![>=![=! T$U!L'(1.*(5!X=N!@',(+.4&$35!P=N!O',4.*;`.$S'0.35!L=N!Y*.C4*(5!Y=5!O*42;&*$4.+-!$+1!)&*(/'(*0*(%.C4*!(,CC*(!2('/!%,<($/'4*3,4$(!$%%*/C4:=!<$"-*!#!""%$!/=;!T_>#>U5!"__;#JN!TCU!^'+)$(+$45!D=N!L'(1.*(5!X=N!O',4.a;`.$S'0.35!L=N!@',(+.4&$35!P=N!Y*.C4*(5!Y=5!O:+)&*%.%! '2! %*42;&*$4.+-! %,<($/'4*3,4$(! (,CC*(%! 2('/! 2$)):! $3.1! 1*(.0$).0*%5!1.*)&:4*+*!)(.$/.+*5!$+1!,(*$=!7+-*4$%#+8#1+%5,!*#6)3!4)!#1$*"#>?#1+%5,!*#9:!,3."*5#
!""%$!/@!T7[U5!_"7\;_"?ZN!T3U!^'+)$(+$45!D=N!@',(+.4&$35!P=N!b.1$4-'5!^=N!L',),(.*(5!M=!Y=N!Y*.C4*(5!Y=5!c*(%$).4*!'+*;<')!%:+)&*%.%!'2!%,<($/'4*3,4$(!<4$%).3%!$+1!%*42;&*$4.+-!(,CC*(%=! 7+-*4$%# +8# ":!# >,!*3)$4# 9:!,3)$%# 6+)3!"5# !""&$! ;0;! T7?U5! _"ZZ;_N! T1U!Q,($)).+.5! O=N! L'4A,&',+5! b=! ^=N! d(**+4$+15! Q=! ]=N! b$:*%5! ]=5! G! +'0*4! %*42;&*$4.+-!%,<($/'4*3,4$(! <'4:/*(! %:%)*/=! A$*$B$5# C3.)-..3+4.# !""&$! ;/05! 7\>;7Z[N! T*U!Q,($)).+.5!O=N!d(**+4$+15!Q=!]=N!b$:*%5!]=N!^$3S$:5!^=!e=N!f'B$+5!O=!M=N!L'4A,&',+5!b=!^=5!G!O,<($/'4*3,4$(!X'4:/*(!Q$%*1!'+!@B**H*(;@:<*!<.;<.!O)$3S.+-!E+)*($3).'+%V!^'4*3,4$(! D*%.-+! 2'(!b*$4$C.4.):! $+1! e+&$+3*1! @',-&+*%%=!9:!,3."*5# +8#($"!*3$%.#
!"#"$!D0!T>U5!Z;#=!\=! T$U!O.gC*%/$5!f=!X=N!Q*.g*(5!P=!b=N!Q(,+%0*415!Y=N!P'4/*(5!Q=!M=!Q=N!b.(%3&C*(-5!M=!b=!K=!K=N!Y$+-*5!f=!P=!^=N!Y'B*5!M=!K=!Y=N!^*.g*(5!e=!]=5!f*0*(%.C4*!X'4:/*(%!P'(/*1!2('/!O*42;L'/<4*/*+)$(:!^'+'/*(%!W%.+-!h,$1(,<4*!b:1('-*+!Q'+1.+-=!6)3!4)!##&&'$!
DE'!T\?[?U5!>ZJ>;>ZJ[N!TCU!Q(,+%0*415!Y=N!P'4/*(5!Q=!M=!Q=N!^*.g*(5!e=!]=N!O.gC*%/$5!f=!X=5! O,<($/'4*3,4$(! X'4:/*(%=! 9:!,3)$%# F!G3!H.# !""#$! ;I;! T>7U5! [J_>;[J"#N! T3U!
! ""!
#$%&'()! *+! ,+-! ./012%&')! 3+! 4+-! 52/026)! 7+! ,+)! .896'&$:2;8:'6! 9$:<&26%! '=! >$6?+!
!"#$%&"'()*+,"-)!""#$!.!@AB)!CADC"-!@EB!F'(!#22?)!G+!H+!5+-!.9/26/(I)!*+!H+!J+-!42=26%)!K+!,+!5+-! =2!L/02(M8/%)!N+-!./012%&')!3+!4+)!O(/E/62;=/$(':!G/&26/P'=/$(!'(E!.=';?/(I!$Q!O62/E$9<6/&/E/($(2! 7(E! K6$89%! /(! 4$:<;'96$:';=$(2! .896'&$:2;8:'6! 4$:<&26%+!
!"/%+0+'$/1'$()!""%$!23!@RCB)!SATADSAUV+!T+! @'B!WM2()!X+-!G'&)!5+!*+-!Y($)!N+-!5':)!*+-!.M2()!J+-!L8==)!.+!3+-!.M26'()!N+-!,8E:)!Z+)! *! [M26&'::<! 32D&2(E'1:2! W6$%%D\/(?2E! 4$:<&26/;!5'=26/':+! 4/&$5/$)!""!$!678!@VVT]B)! ^T"SD^U]R-! @1B! WM2()! X+-! ,8E:)! Z+-! 5':)! *+! N+-! .M2()! J+-! L8==)! .+! 3+)! L2>![M26&'::<! 32&2(E'1:2! J/IM:<! W6$%%D\/(?2E! 4$:<&26/;! 5'=26/':%+!!"/%+0+'$/1'$()
!""&$!9:!@TB)!^S]RD^S]U+!U+! @'B!K$=%&'(()!#+-!G826/I)!O+-!Z6$&&26)! H+-!J'>?26)!W+! H+)!7_9:$/=/(I!WM2&/;':!.>/=;M/(I! /(! '! G/2:%`a(I:/%)!*+! H+-!L21M'(/)! \+-! *:=/(='%)! Y+-! .;M&/E=)! Z+! K+-! #'6(26DN$>$::/?)! W+)! 3'9/E!#$(E/(IbG21$(E/(I!$(!G2&'(Ec!32F26%/1:<!W6$%%D\/(?2E!Z8(;=/$(':!4$:<&26%!F/'!G/2:%def
!"/%+0+'$/1'$() !"*!$! ! @*;;29=2EB-! @?B! 5869M<)! 7+! #+-! #$:'($%)! 7+-! .;M'QQ(26DJ'&'(()! W+-!,8E:)! Z+-! L8==)! .+! 3+-! *8'E)!5+! \+)! .<(=M2%/%! '(E! WM'6';=26/P'=/$(! $Q! '!./(I:2DW$&9$(2(=![M26&'::<!32&2(E'1:2!4$:<&26!L2=>$6?c!.='8E/(I26!'(E!.=/::2!32F/%/=2E+! "/%+0+'$/1'$()!""($!2>!@^AB)!VR]CDVR]"+!S+! *EP/&')!#+! H+-!N:$_/()!W+! H+-!#$>&'()!W+!L+)!7_=26('::<![6/II262E!J2':/(I!$Q! '![M26&$62F26%/1:2!W$F':2(=!L2=>$6?!F/'!.2:QD\/&/=2E!J<%=262%/%!J2'=/(I+!;,<"5/$,)
!"#$%&"'()!"*"$!66!@RVB)!RUSADRUSU+!"+! *M&2E)![+! H+-! .='F6$F)!G+-!#26%22)!J+!7+!L+-!#28?26%)!*+)! a(E8;=/$(!>2:E/(I!$Q!=M26&$9:'%=/;! ;$&9$%/=2%D'(! $F26F/2>+! ?+0B+(&#$() E"%#) ;F) ;BB'&$,) 4/&$5/$) "5,)
!"51A"/#1%&5G)!""'$!9.!@^]B)!^TCSD^TV^+!^]+! #$P$6=M)!3+!5+)!=$%%+0"G5$#&(0+!C6E!2E+-!a777!462%%+!c!4/%;'='>'<)!LH)!^""C+!
! "##!
""$! %&'&()*+,! -$! .$/! 0&+)&+,! 1$! 2$/! %345&)&,! 6$! 1$,! 78&(5*(&9&():;4&! 3+<!(&5&+<3;4&! =43))>?*4@5&(! :+'&(A3B&! A*(! A:;&(>(&:+A*(B&<! B*5?*):'&)$! !"#$"%&'(%)
*+&(,+()-,.)/(+0,"1"23)!"##$!45!CDE,!DFG>DHI$!"I$! C3E!J**4,! 1$! %$/!KLM*++*(,!N$!.$,! -! '8&*(@! B(3BO!8&34:+=! :+! ?*4@5&()$! 6) 7$$1)

F5!CIPE,!FII">FIIH$!!!
! "#"!
!"#$%&'( )*( +",%,%"&'-#.( /#0,1,-$,23%&( !,4#.&0%( 56#$%#7.&(
/&%8,'92*( :$%31#.( ;#03$<.#%3,0( ,=( #( >"&'-#..?( @&2$,0234&(
;#%&'3#.(!,0%#3030A(@,7<2%(5<BC3:D(!"',-,$",'&2((!

! "#$!

A<*19&1*'*13;/)*!%563!1*.1*3*+,!(+!(),*1+(,;'*!+*,0&12!(1:<;,*:,?1*!,<(,!;3!;+!.1;+:;.)*! ,&,())8!1*'*13;/)*@!59&+B! ,<*!.&33;/)*! ,<*19&1*'*13;/)*!1*(:,;&+3! ,<(,!(1*! ?3*-! ;+! (! +*,0&12! .&)89*1;E(,;&+! V! 3?:<! (3! ,<*! ,<*19())8! 1*'*13;/)*! ?1*(!
! "#$!
%&'()*+,!-.!/0)'!!"#$%1"#!)'2!30+!4)3)%56+2!+,3+7!+840)'*+!9:&37&;+7,<!-.!=-'3)7')%!!"#


T'! 30+! G7+,+'4+! -.! )GG7-G7&)3+! 407-;-G0-7+,J! *+'+7)3&'*! 0+)3!E&30! )! 0&*0!&'3+',&35!%&*03!,-F74+!&,!)!,37)&*03.-7E)72!;+30-2!-.!)40&+:&'*!30&,!*-)%1!N-E+:+7J!)!
! "#$!


! "#$!
%&'(%)*'!+,!-./+0'/!-.(1+2,(%*23%+2,(!+,!'(0%(1'!1,&4%+2)2*2+5!62+0!+0'!&%+/27899!:(!+0'! 4/';'(+! 6,/<=! 6'! >'&,(;+/%+'! +0'! .;'! ,-! ;.10! ?.@A2B9! (%(,4%/+21*';!;.;4'(>'>! 2(!%!C?!('+6,/<! +,!4/,>.1'!%!40,+,+0'/&%**5! ;'(;2+23'>!&%+'/2%*!62+0!4/,4'/+2';!.(*2<'!+0,;'!-,.(>!'*;'60'/'!2(!+0'!*2+'/%+./'=!%(>!&%(24.*%+'!2+!,(!+0'!&21/,(!+,!&2**2&'+'/!;23'!;1%*';!.;2(D!*%;'/!*2D0+8!
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